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APPARATUS AND METHOD FOR CRANE 
GAME CLAW CONTROL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to money-operated games and, in 
particular, to games utilizing a claW With an operator 
positionable crane to attempt to pick up prizes, including the 
Way in Which the claW’s strength is controlled. 

2. Problems in the Art 

A coin operated crane game consists of an electronic 
control system and a mechanical system that alloWs a player 
to purchase a chance to Win a priZe by skillful manipulation 
of player controls. The controls consist of a joystick and/or 
buttons, Which are activated by the insertion of coins or cash 
into the game. These controls alloW the player to move a 
crane head in front/back and left/right positions and then 
drop a claW Which Will pick up priZe merchandise if skill 
fully and properly manipulated. When the claW drops to the 
bottom of its travel, the control electronics closes the claW, 
raises the claW, positions its over a priZe delivery shoot and 
releases the priZe if it is held by the claW. Motors are used 
to move the crane head and to move the claW up and doWn. 
The claW is activated by a solenoid. This invention concerns 
the control of that solenoid. The equipment operator presets 
the nominal strength of that solenoid so that the skill level 
required to Win is consistent With the business economics of 
operating the equipment. 

It is of course preferable to have a game of this type be 
economically pro?table. If the claW strength Were unlimited, 
or at least maXimiZed, the Winning of priZes could approach 
being automatic. This Would skew the factors of skill and 
chance toWards the player, Which could severely restrict or 
even defeat pro?tability of the game. 

Therefore, to make the game have a reasonable level of 
skill and chance, and to alloW game oWner pro?tability, 
claW-gripping strength can be adjustable. 
A ?rst prior art eXample of a Way to operate and adjust 

gripping strength of the claW uses a relay and a poWer 
potentiometer, as shoWn in FIG. 6, to control the solenoid, 
Which in turn determines gripping strength of the claW. A 
microcomputer controls the relay. This design has relay and 
potentiometer failures at a higher than desired rate. Also, this 
design is susceptible to undesirable variations of claW 
strength due to variations of line voltage and poWer supply 
load changes (from motor operation, etc.). 
Asecond eXample of prior art uses a timer circuit to pulse 

Width modulate the solenoid drive to control claW-gripping 
strength, as shoWn in FIG. 7. The timer circuit is itself 
controlled by a potentiometer. Amicrocomputer enables the 
timer circuit at the appropriate time. This system has sig 
ni?cant voltage noise due to the rapid sWitching of the 
solenoid to control its current and a lack of precision due to 
the nature of the timer control circuit. Also, this design, like 
the ?rst eXample of FIG. 6, is susceptible to undesirable 
variations of claW strength due to variations of line voltage 
and poWer supply load changes (from motor operation, etc.). 

It can therefore be seen that the state of the art utiliZes 
voltage control for energiZing the solenoid. These methods 
have been found to have Weaknesses. Therefore, there is a 
real need for improvement in the art. 

It is therefore a principal object of the present invention 
to provide an apparatus and method for crane game claW 
control that improves over or solves the problems and 
de?ciencies in the art. 
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2 
Another object of the present invention is to provide an 

apparatus and method as above described Which overcomes 
the problems associated With variations of line voltage, 
poWer supply load changes, and voltage noise. 

Other objects, features, and advantages of the present 
invention include: 
a. Increased reliability of operation and electrical compo 

nents; 
b. Improved level of control of claW gripping strength; 
c. Improved control of game pay out; 
d. Improved ?exibility of control and operation; 
e. Improved economics, ef?ciency, and durability. 

These and other objects, features and advantages of the 
present invention Will become more apparent With reference 
to the accompanying speci?cation and claims. 

SUMMARY OF THE INVENTION 

The invention includes an apparatus and method for crane 
game claW control. The apparatus comprises, in a crane 
game, a moveable claW With closeable jaWs, an electrical 
actuator mechanically connected to the claW, an actuator 
driver electrically connected to the actuator adapted to issue 
an electrical current proportional to desired gripping 
strength to the actuator. 

The method includes selecting a desired claW gripping 
strength, creating an electrical signal representative of said 
desired gripping strength, delivering the signal to an elec 
trically controlled actuator connected to the claW (the signal 
being in the form of a current), and monitoring the current 
during a gripping period. 
An optional feature of the invention includes a gripping 

strength control that can be manually adjusted by the oWner 
or operator of the game. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a crane game machine. 

FIG. 2 is an enlarged isolated perspective and partial 
diagrammatic vieW of the crane game claW. 

FIG. 3 is an exploded perspective vieW of FIG. 2. 
FIG. 4 is an isolated vieW taken along line 4—4 of FIG. 

3. 

FIGS. 5A and 5B are enlarged partial sectional vieWs of 
the claW of FIG. 3 and the actuator for gripping strength of 
the claW. 

FIG. 6 is an electrical schematic of a prior art claW control 
circuit. 

FIG. 7 is an electrical schematic of another prior art claW 
control circuit. 

FIG. 8 is an electrical schematic in block diagram form of 
a preferred embodiment according to the present invention. 

FIG. 9 is a detailed electrical schematic of the microcom 
puter of FIG. 8. 

FIG. 10 is a detailed electrical schematic of the 
potentiometer, ADC, DAC, and solenoid driver of FIG. 8. 

FIG. 11 is a block diagram of an alternative embodiment 
according to the present invention. 

FIG. 12 is a block diagram of a still further alternative 
embodiment according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In order to obtain a better understanding of the invention, 
a detailed description of preferred embodiments Will noW be 
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set forth. Frequent reference Will be made to the drawings. 
References numbers and letters Will be used to indicate 
certain parts and locations in the drawings. The same 
reference numbers or letters Will be used to indicate the same 
parts and locations throughout the draWings unless other 
Wise indicated. 

FIG. 1 illustrates generally a crane game 10 according to 
the present invention. A housing 12 de?nes an enclosed 
chamber 14 With priZes 16 (here stuffed animals, for 
example) distributed therein. Transparent WindoWs 17 of 
housing 12 alloW a player to vieW priZes 16 Without having 
direct access to them. 

A claW 20 is connected to a crane 22. As is Well-knoWn 
in the art, a player control 24 (eg joy stick) is used by a 
player to move crane 22 in an x-y plane (generally 
horiZontal) relative to priZes 16 Within chamber 14. The 
player picks out a priZe 16 and attempts to position claW 20 
vertically over a selected priZe 16. Another manual player 
control, such as button 26, causes crane 22 to drop claW 20 
doWn With the claW jaWs open, close the jaWs, and lift claW 
20 upWard. If the skill of the operator at positioning claW 20 
is successful and claW 20 drops in such a position that its 
jaWs grasp at least a portion of priZe 16, and the jaWs’ 
grasping strength is sufficient to hold priZe 16 When lifted, 
the operator either moves crane 22 to a position, or game 10 
automatically moves crane 22 to position Where claW 20 
Would open and drop priZe 16 into an outlet chute 28 Where 
it could be grabbed by the player. 
Amoney handler, such as a coin receiver and changer 29, 

is incorporated in game 10. Aplayer deposits an appropriate 
amount of money to have a chance at obtaining a priZe 16. 

FIG. 2 illustrates diagrammatically crane 22 and its ability 
to move in the X and Y directions, Where X and Y lie in a 
horiZontal plane. ClaW 20 consists of a housing 46, a ?rst 
jaW 34 and a second opposing jaW 36. Acable 40 is attached 
betWeen claW housing 32 and a motor 42 Which lengthens or 
shortens cable 40 relative to crane 22. A solenoid 30 is 
positioned inside housing 32 and serves to close jaWs 34 and 
36 toWards one another and provide a gripping force for 
those jaWs. An electrical cable 44 extends from solenoid 30 
to a connection block 46. Cable 44 transmits electrical 
energy to solenoid 30 to provide gripping force. 

FIG. 3 shoWs claW 20 in exploded form. Solenoid 30 
essentially consists of a solenoid housing 46 With ?xed end 
caps 47 and 48 at opposite ends (see also FIG. 4). Cable 40 
to motor 42 is ?xed to cap 47. A yoke 18 is ?xed to bottom 
end cap 48 of solenoid housing 46. 

Asolenoid core 50 is enclosed in solenoid housing 46 and 
includes a center aperture or void 52 into Which ferromag 
netic solenoid shuttle 54 ?ts. Bracket 56 is connected to the 
bottom of shuttle 54. A retaining ring 58 secures shuttle 54 
Within core 50. 

A center pivot pin 60 extends through openings in both 
sides of jaWs 34 and 36, and bracket 56. Side pins 62 and 64 
extend through the apertures in yoke 18 andjaWs 34 and 36, 
as shoWn in FIG. 3. 

As shoWn in FIGS. 5A and 5B, When shuttle 54 is in a 
loWer-most position (FIG. 5B), pivot pin 60 is in a loWest 
position relative to yoke 18, Which is ?xed in relation to 
solenoid core 50. J aWs 34 and 36 are therefore open. When 
solenoid core 50 is actuated by passing current through coil 
60, ferromagnetic shuttle 54 is draWn upWard into core 50 
Which in turn moves pivot pin 60 upWard relative to core 50 
and closes jaWs 34 and 36 (see FIG. 5A). 

It is to be understood that the gripping strength of jaW 34 
relative to jaW 36 is a function of the magnetic attraction of 
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electromagnet 50/66 to ferromagnetic core 54. Any force 
tending to push jaWs 34 and 36 apart, Which exceeds the 
attraction force of solenoid electromagnet 50/66 to shuttle 
54, Would exceed the gripping force of claW 20 and cause the 
loss of grip on a priZe 16. 

It is to be further understood that the gripping force of 
solenoid 30 is a function of the amount of electrical energy 
introduced into coil 66. 
As referred to above, gripping force of claW 20 cannot be 

in?nite, and in fact, it is desired to be adjustable in a manner 
Which does not alloW a grip to be maintained in any 
circumstance. As is knoWn in the art, gripping force adjust 
ment for claW 20 alloWs the oWner and/or operator of game 
10 to introduce an element of chance into the game, adjust 
the level of skill required to obtain the priZe 16, and adjust 
the pay out percentage of the game in a manner that provides 
reasonable odds of success for a variety of players While at 
the same time providing a reasonable pro?t from the game 
to the game oWner. 

In order to achieve this balance of player versus game 
oWner goals, it is bene?cial to be able to set gripping force 
of claW 20. The state of the art has utiliZed a variety of 
methods to control voltage to solenoid 30, as the mechanism 
to control gripping force of claW 20. As discussed With 
respect to the state of the art, FIGS. 6 and 7 illustrate prior 
art methods of voltage control of solenoid 30. 

In FIG. 6, potentiometer 70 Which controls the amount of 
voltage available through relay 73 to solenoid 30. Avoltage 
V2 is available. Potentiometer 70 alters the amount of 
voltage by a manual control Which can be set by the game 
oWner, such as knoWn in the art. A microcomputer 72 
controls a transistor 74 Which closes the contact on relay 73 
When solenoid 30 is to be energiZed (ie when gripping force 
should be provided to claW 20). Voltage V1 is available to 
close the contact of relay 73. 
As discussed previously, this con?guration is susceptible 

to ?uctuations of line voltage V2 or load. Such variations 
could alter the actual voltage energiZing solenoid 30 and 
thus alter the actual gripping force of claW 20. This could 
adversely affect the desired pay out of game 10. 
Furthermore, it is susceptible to component failure, such as 
relay 73 or potentiometer 70. 

FIG. 7 shoWs another prior art attempt at dealing With 
claW control. Voltage V2 is available to energiZe solenoid 
30. Potentiometer 70 is used to alloW manual setting of a 
desired claW grip force. In this instance, hoWever, potenti 
ometer 70 adjusts a timer circuit 76. Microcomputer 72 in 
conjunction With timer circuit 76 enables the gate of a 
transistor 70 to pulse Width modulate the amount of voltage 
V2 through solenoid 30. This embodiment does not involve 
a component such as relay 73 in the conducting path of 
voltage V2. Similarly, potentiometer 70 is not in that con 
ducting path. HoWever, this con?guration is subject to 
signi?cant noise because of sWitching of the solenoid. It also 
lacks precision and control. 

In comparison, a preferred embodiment of claW control 
according to the present invention is set forth at FIG. 8. A 
potentiometer 100 is read by microcomputer 102 and Which 
results in a value of current that is desired in solenoid 30 
When it is activated. Microcomputer 102 outputs this value 
to circuitry that precisely controls the current in solenoid 30. 
The current is directly proportional to the strength (force) of 
solenoid 30. By controlling the current of the solenoid 30, 
instead of controlling the voltage or average voltage across 
solenoid 30 (as in the prior art), system voltage line and load 
variations do not affect the strength of solenoid 30. 
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Referring to FIG. 8, a potentiometer 100 is connected to 
an Analog to Digital Converter (ADC) 101 that in turn is 
connected to microcomputer 102. Microcomputer 102 is 
connected to a Digital to Analog Converter (DAC) 103 that 
in turn is connected to a solenoid driver 104. Solenoid driver 
104 is connected to solenoid 30. The output of the DAC 103 
is a voltage. Solenoid driver 104 includes a transconduc 
tance ampli?er that converts the input voltage to output 
current and utiliZes current feedback to maintain this current 
in a constant manner. The part used is an SGS Thompson 
L294. When the game is poWered up the potentiometer 100 
is read by the microcomputer 102 via the ADC 101. The 
value read is stored in the microcomputer’s memory until 
needed. When it becomes time to activate the claW in the 
game play, microcomputer 102 outputs the value to DAC 
103 and enables solenoid driver 104. To open the claW, 
microcomputer 102 disables solenoid driver 104 via control 
line 106. Microcomputer 102 also has a control line 107 to 
force solenoid driver 104 to maXimum current if it desires. 

Thus, potentiometer 100 is not in the current path of 
voltage V2 that energiZes solenoid 30. There are no other 
electrical mechanical parts subject to failure. The circuit is 
not subject to line variations, noise, or load. It delivers a 
repeatable, precise energiZation of solenoid 30 for improved 
performance of game 10. 

It Will be appreciated that the present invention can take 
many forms and embodiments. The true essence and spirit of 
this invention are de?ned in the appended claims, and it is 
not intended that the embodiment of the invention presented 
herein should limit the scope thereof. Variations obvious to 
one skilled in the art Will be included Within the invention 
de?ned by the claims. 

For eXample, FIG. 9 illustrates an eXample of a precise 
con?guration for microcomputer 102. Here microcomputer 
102 is an 87C51 available from Atmel Corporation under 
part #AT89C55. Microcomputer 102 can control other func 
tions of game 10 but pertinent lines for control of claW 
gripping force are illustrated by referring also to FIG. 10, 
Which is an eXample of a precise electrical schematic shoW 
ing potentiometer 100, ADC 101, DAC 103, and solenoid 
driver 104, according to FIG. 8. Connector JP6 connects the 
output of solenoid driver 104 to solenoid 30. 

In the preferred embodiment, ADC 101 can be an model 
number ADC0831, ADC0832, ADC0834, or ADC0838, 8 
bit Serial I/O A/D Converter With Multiplexer Options 
available from National Semi-Conductor. DAC 103 can be 
a MaXim 522 Dual, 8-Bit, Voltage-Output Serial DAC in an 
8-Pin SO Package available from MaXim Integrated Prod 
ucts of Sunnyvale, Calif. Solenoid driver 104 can be an L294 
monolithic sWitched mode solenoid driver available from 
SGS Thompson Micro-Electronics of Agrate, Italy. The 
L294 Works as a transconductance ampli?er, supplying an 
output current directly proportional to an input voltage level. 

FIG. 11 shoWs an alternate embodiment, Which is similar 
to FIG. 8, but does not have the potentiometer 100 and ADC 
101 circuitry. In this case, the game is pre-programmed With 
the solenoid current value, Which may vary as a function of 
game play and/or pay out level. FIG. 12 shoWs an alternate 
embodiment Which, While also similar to FIG. 8, replaces the 
potentiometer 100 and ADC 101 With tWo sWitches 108 and 
109. The operator uses these sWitches to set the solenoid 
current. SWitch 108 increases it. SWitch 109 decreases it. 
Only one sWitch might be used if the set value Wraps around. 
It should be understood that these sWitches may be part of 
the player controls or they can be game oWner controls used 
by the game oWner When con?guring the product. 
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Microcomputer 102 can be programmed, such as is Within 

the skill of those skilled in the art, to perform the operations 
discussed above. 
What is claimed is: 
1. A crane game comprising: 
a moveable claW With closeable jaWs; 
a solenoid connected to the claW to close the jaWs and 

provide a gripping force related to an energiZing force 
applied to the solenoid; and 

a solenoid driver electrically connected to the solenoid 
including a component to output a current to the 
solenoid proportional to a desired gripping force. 

2. The game of claim 1 further comprising a housing, a 
coin or credit mechanism, a claW XYZ positioner, and a 
main controller. 

3. The game of claim 1 further comprising a chamber in 
the housing Which can contain items to be gripped by the 
claW. 

4. The game of claim 1 Wherein the solenoid comprises an 
electro-magnet and a ferromagnetic shuttle Which moves in 
response to energiZation of the electro-magnet. 

5. The game of claim 1 Wherein the solenoid driver 
comprises a transconductance ampli?er Which converts a 
voltage input to a current output. 

6. The game of claim 1 Wherein the solenoid driver further 
comprises a feedback circuit. 

7. The game of claim 1 further comprising an input device 
connected electrically to the solenoid driver and providing 
the solenoid driver a pre-determined input signal propor 
tional to gripping force for the claW. 

8. The game of claim 7 Wherein the input signal comprises 
a voltage. 

9. The game of claim 7 Wherein the input device com 
prises a digital to analog converter. 

10. The game of claim 7 further comprising a micropro 
cessor connected to the input device. 

11. The game of claim 10 Wherein the microprocessor 
includes a memory for storing a digital value proportional to 
gripping force of the claW. 

12. The game of claim 7 Wherein the input device 
comprises a microprocessor With a pre-programmed input 
value proportional to claW gripping force. 

13. The game of claim 7 Wherein the input device 
comprises a selector having a plurality of selectable posi 
tions each having a value proportional to a different claW 
gripping force. 

14. The game of claim 13 Wherein the selector is con 
nected to the microprocessor and the microprocessor is 
connected to a digital to analog converter. 

15. The game of claim 13 Wherein the input device 
comprises a potentiometer Which is in?nitely variable 
adjustable over a range of current values. 

16. The game of claim 14 further comprising an analog 
digital converter connected to the potentiometer for reading 
the current through the potentiometer and converting it to a 
digital value. 

17. The game of claim 15 further comprising a micro 
processor connected to the analog digital converter. 

18. The game of claim 16 Wherein the microprocessor 
includes a control line connected to the solenoid driver for 
enabling the solenoid driver. 

19. The game of claim 16 Wherein the microprocessor 
includes a control line connected to the solenoid driver for 
driving the solenoid driver to a maXimum. 

20. A game apparatus comprising: 
a housing; 
an enclosed chamber in the housing Where priZes can be 

placed; 
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a claw; 
an X-Y-Z positioner connected to the claw; 

a money or credit validator; 

a delivery chute in the housing in communication With the 
chamber; 

an electrical circuit; 

an electrical actuator mechanically connected to the claW; 
an actuator driver electrically connected to the circuit and 

to the actuator and issuing an electrical current propor 
tional to desired claW gripping strength. 

21. The apparatus of claim 20 further comprising a 
feedback circuit betWeen the electrical actuator and the 
actuator driver. 

22. The apparatus of claim 20 further comprising a 
microprocessor connected to a digital to analog converter for 
producing a voltage signal to the actuator driver Which 
converts the voltage signal to a current. 

23. A method of controlling a solenoid Which controls 
gripping strength of a claW in a crane game machine to avoid 
problems caused by voltage surges, electrical noise, or 
voltage loads comprising: 

selecting a desired gripping strength for the claW; 
creating an electrical signal representative of said desired 

gripping strength; and 
delivering the signal to the solenoid as a current; 
monitoring the current during a gripping period. 
24. The method of claim 23 further comprising feeding 

back actual current level at the solenoid during the gripping 
period and adjusting the current to the solenoid based on the 
feedback. 

25. A crane game comprising: 
a moveable claW With closeable jaWs; 
a solenoid connected to the claW to close the jaWs and 

provide a gripping force related to an energiZing force 
applied to the solenoid; and 

a solenoid driver electrically connected to the solenoid 
including a component to output and maintain a current 
to the solenoid proportional to a desired gripping force. 

26. The game of claim 25 further comprises a device to 
monitor electrical energiZation of the solenoid and use that 
measurement to control current to the solenoid. 

27. The game of claim 26 Wherein the device is a feedback 
circuit. 

28. The game of claim 26 Wherein the device is a 
compensation device Which monitors current to the solenoid 
arid maintains the current substantially constant despite 
changes in resistance or voltage. 

29. The game of claim 26 Wherein the energiZing force to 
the solenoid is variable to provide for a plurality of gripping 
forces. 

30. The game of claim 29 Wherein the current is main 
tained proportional to a selected gripping force. 

31. A game apparatus comprising: 
a housing; 
an enclosed chamber in the housing Where priZes can be 

placed; 
a claW; 
an X-Y-Z positioner connected to the claW; 

a money or credit validator; 

a delivery chute in the housing in communication With the 
chamber; 

an electrical circuit; 
an electrical actuator mechanically connected to the claW; 
an actuator driver electrically connected to the circuit and 

to the actuator and issuing and maintaining to the 
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electrical actuator a current proportional to desired 
claW gripping strength. 

32. The apparatus of claim 31 further comprising a circuit 
to monitor current to the actuator to maintain the current to 
the actuator substantially constant for a desired claW grip 
ping strength. 

33. The apparatus of claim 31 further comprising a 
feedback circuit in the driver to receive and feedback the 
current to the actuator and control the current to the actuator. 

34. The apparatus of claim 31 Wherein the current is 
adjustable to present a plurality of gripping strengths. 

35. The apparatus of claim 34 Wherein the current is 
issued and maintained substantially constant and propor 
tional to a selected gripping strength from the plurality of 
gripping strengths. 

36. A method of controlling a solenoid Which controls 
gripping strength of a claW in a crane game machine 
comprising: 

selecting a desired gripping strength for the claW; 
creating an electrical signal representative of the desired 

gripping strength; and 
delivering and maintaining a current to the solenoid based 

on the signal. 
37. The method of claim 36 further comprising monitor 

ing the current to the solenoid. 
38. The method of claim 37 further comprising feeding 

back the current to the actuator and controlling the current 
to the actuator. 

39. The apparatus of claim 36 Wherein the current is 
adjustable to present a plurality of gripping stengths. 

40. The apparatus of claim 39 Wherein the current is 
issued and maintained substantially constant and propor 
tional to a selected gripping strength from the plurality of 
gripping strength. 

41. Amethod of controlling gripping strength of a claW in 
a crane game comprising: 

utiliZing a solenoid to cause a claW to grip at a gripping 
strength; and 

controlling the gripping strength of the claW by maintain 
ing a current to the solenoid proportional to a desired 
gripping strength. 

42. The method of claim 41 further comprising monitor 
ing the current to the solenoid. 

43. The method of claim 42 further comprising feeding 
back the current to the actuator and controlling the current 
to the actuator. 

44. The apparatus of claim 41 Wherein the current is 
adjustable to present a plurality of gripping strengths. 

45. The apparatus of claim 44 Wherein the current is 
issued and maintained substantially constant and propor 
tional to a selected gripping strength from the plurality of 
gripping strengths. 

46. Amethod of controlling gripping strength of a claW in 
a crane game comprising: 

selecting an electrical current level associated With a 
gripping strength; and 

energiZing a solenoid With the electrical current level to 
control gripping strength. 

47. The method of claim 46 further comprising maintain 
ing the gripping strength by maintaining the electrical cur 
rent level. 

48. The apparatus of claim 46 Wherein the step of main 
taining comprises monitoring the electrical current level and 
maintaining it. 
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